The present series of 4 experiments investigated the probability of responding in accord with equivalence in adult human participants as a function of increasing or decreasing delays in a many-to-one (MTO) or comparison-as-node and one-to-many (OTM) or sample-as-node conditional discrimination procedure. In Experiment 1, 12 participants started with simultaneous matching, followed by O-s, 2-s, and 4-s delayed matching, while the other 12 participants started with 4-s delayed matching, followed by the decreasing delays in a MTO training structure. Results suggested that the likelihood of responding in accord with equivalence is enhanced as a function of increasing delays during training, and also that starting with longer delays increases the probability of responding in accord with equivalence in simultaneous matching. In Experiment 2,6 participants started with simultaneous matching, followed by O-s, 2-s, and 4-s delayed matching in a OTM training structure. Results showed that 6 of 6 participants responded in accord with equivalence. In Experiment 3, 6 participants started with simultaneous matching, followed by O-s, 3-s, and 9-s delayed matching in a OTM training structure. Results showed that 6 of 6 participants responded in accord with equivalence. In Experiment 4, 6 participants started with simultaneous matching, followed by O-s and 3-s delayed matching with a restriction to engage in mediating behavior during testing . Results showed that none of the 6 participants responded in accord with equivalence during 3-s delay. It is argued that if delayed matching mquires (or evokes) precurrent behavior (responses that increase the effectiveness of a subsequent current behavior in obtaining a reinforcer), precurrent behavior may in turn facilitate responding in accord with equivalence. Higher reaction times durin~l initial testing may indicate precurrent problem-solving behavior prior to the selection of a comparison stimulus.
In a conditional discrimination procedure, the sample stimulus can either (a) remain present after the presentation of comparison stimuli (simultaneous matching), (b) disappear when the comparisons are presented (O-s delay), or (c) be removed n seconds before the comparisons are presented (delayed matching). The reinforcement contingencies in delayed matching apply to discriminative behavior involving two situations, one occurring at the time of sample presentation and the other at the time of comparison presentation. In everyday speech we say that a discrimination is "remembered" if it is performed at some time after it was trained. In the cognitive literature, the focus on aspects of individuals' inability to respond correctly in a conditional discrimination procedure, in which the sample stimulus is not present, has been related to what are called failures in episodic memory. According to Palmer (1991) , there are two classes of contingencies that are usually characterized as "memory": (a) when some behavior is brought under the control of a stimulus at one time and the stimulus is presented again at another time, and (b) when some behavior is brought under the control of a stimulus, and reinforcement is later made contingent on appropriate behavior in the absence of the stimulus. The first is an example of simple stimulus control established as a result of a three-term contingency, whereas the second is an example of problem solving.
The problem of control of a stimulus that has disappeared has long been studied in experimental psychology (e.g., Hunter, 1913) . The delayed matching-to-sample procedure was used in a classical experiment by Blough (1959) and has often been used to study 'remembering' in nonhuman animals (Sargisson & White, 2001; Urcuioli & Zentall, 1986) . The interval between the offset of the sample stimulus and the presentation of comparison stimuli is commonly called the retention interval and typically ranges from 0 to 20 s in studies involving pigeons (Wixted, 1989a) . Typically, matching accuracy decreases with increasing delay intervals (Torgrud & Holborn, 1989) , although Blough (1959) observed that pigeons maintained accurate matching performance at long delay intervals by emitting sample-specific, stereotypical responses, similar to rehearsal, during the delay interval. The mediating behavior was observed at delays longer than 0 s, where the pigeons were more likely to produce some initially irrelevant behavior prior to responding to the comparison stimulus, and this behavior may be reinforced accidentally. If mediating behavior improves subsequent matching performance, the behavior is termed precurrent, and is defined as any response made by the organism that increases the effectiveness of some subsequent behavior in obtaining a reinforcer (Skinner, 1968) .
Recent interest in conditional discriminations and MTS (matching to sample) has focused on the phenomenon of stimulus equivalence. Stimulus equivalence classes are typically established using MTS procedures in which conditional discriminations are arranged among arbitrarily assigned sets of stimuli (Wirth & Chase, 2002) . The properties defining the equivalence relation are reflexivity, symmetry, and transitivity (e.g ., Sidman & Tailby, 1982) . A minimal arrangement of conditional discrimination training necessary for testing stimulus equivalence may include the following tasks: Of two simultaneously present comparison stimuli, B1 and B2, the selection of B1 is reinfOirced in the presence of sample stimulus A 1, while the selection of B2 is reinforced in the presence of A2. Next, when either B1 or B2 is presented as a sample, C1 or C2, respectively, serves as the correct comparison stimulus. Stimuli are considered members of an equivalence class when their interrelations in a matching-to-sample task have the properties of reflexivity (e.g. , if A 1-B1 and A2-B2 , then A 1-A 1, A2-A2, etc.), symmetry (e.g., if A 1-B1 and A2-B2, then B1-A1 and B2-A2) , and transitivity (e.g., if A1-B1 and B1-C1 , then C1-A 1). A "CA test" is a combined symmetry and transitivity test (Sidman, 1990) and has been called an abbreviated (e.g., Johnson & Sidman , 1993; Sidman , 1994) or a global equivalence test (Sidman, 1986) .
Except for a few studies (e.g., Barnes, Hegarty, & Smeets, 1997; Healy, BarnesHolmes, & Smeets, 2000; Lane & Critchfield, 1998) , research on stimulus equivalence has been conducted using simultaneous matching in a conditional discrimination procedure. As far as I have been able to determine, no experiment has been reported in which responding in accord with equivalence was studied as a function of simultaneous matching and different retention intervals in delayed matching-to-sample tasks. Thus , the length of retention intervals in the current study were based on information about the retention interval in different delayed matching-to-sample experiments with pigeons.
Both reaction times and self-reports have been used as supplemental dependent measures of equivalence performances, and self-reports via postexperimental interviews and questionnaires have often been used (Lane & Critchfield , 1996) . Different measures have been used when showing reaction time or latency, for example median reaction times (Bentall , Dickins, & Fox, 1993; Saunders, Wachter, & Spradlin, 1988) or mean of reaction times for different trial types (Imam , 2001 ; Spencer & Chase , 1996) . Thus, in the current study data on reaction times changes across training and testing trials will be presented (in Experiment 1).
The nature and determinants of stimulus equivalence are still controversial, and one of the controversies involves the role of verbal behavior in equivalence formation (e.g., de Rose, 1996) . Horne and Lowe (1996) claimed that naming was a prerequisite of emergent relations such as stimulus equivalence, and they explicitly argued that 'rehearsal' of the presented stimuli could result in success on equivalence tests. Thus, Stromer and MacKay (1996) proposed different ways in which naming could be related to the formation of stimulus classes, one being that naming of a sample stimulus could be followed by production of the same name when comparisons appear, thus the name may provide a common supplemental stimulus linking the sample and comparison. This account may suggest ways in which delayed matching to sample could be used in an analysis of whether or not a name or rehearsal of names can perform a mediating function. However, forms of response mediation other than common vocal naming should also be considered; for example, intraverbal or idiosyncratic (individual) naming or more specific rehearsal of names may be more plausible mediating behavior.
As far as I know, there has been no report in which responding in accord with stimulus equivalence has been studied as a function of different sample-comparison delays in a delayed matching-to-sample procedure , and also in which the opportunity for engaging in any mediating behavior during the delays was restricted. The present study will present a series of four experiments in which different variables are manipulated in a delayed matching-to-sample procedure as well as the subsequent tests for responding in accord with equivalence.
Experiment 1
The purpose of Experiment 1 was to investigate the probability of responding in accord with equivalence in adult human participants as a function of increasing or decreasing sample-comparison delays (simultaneous presentation, O-s, 2-s, and 4-s delay) in a MTO conditional discrimination procedure. Some studies have found MTO to be the most effective training structure in producing stimulus equivalence (Barnes, 1992 , as cited in Barnes, 1994; Hove, 2003; J ., Saunders, Williams, & Spradlin, 1993; Saunders, Drake, & Spradlin, 1999; Saunders & Green, 1999; Spradlin & Saunders, 1986) , while others have found that OTM is the most effective training structure (Arntzen & Holth, 1997 , 2000a . There seems to be an agreement that linear series is the least effective training structure in producing stimulus equivalence (Arntzen & Holth, 1997 , 2000a Buffington, Fields, & Adams, 1997; Fields, Reeve, Rosen, et aI., 1997; Saunders & McEntee, 2004) . Thus, in Experiment 1 a MTO training structure was chosen because responding in accord with equivalence had not been 100 percent in adult students in some of the earlier studies, therefore I was interested to replicate those findings and in addition to see if a retention interval would increase or decrease responding in accord with equivalence. As well as an index of equivalence, measures relevant to the readiness of class formation include reaction times to comparison stimuli and verbal reports about rehearsal of the presented stimuli on a postexperimental questionnaire.
Method Participants
Twenty-four college and university students, 18 females and 6 males, served as participants in the experiment. They were recruited during lectures and via personal contacts, and they did not receive any course credit for participating. The participants were randomly assigned to one of two training structure sequences, that is, 12 participants in each training structure sequence. None of the students had participated in stimulus equivalence research before , had any familiarity with the stimuli used in the experiment, or had any familiarity with research on stimulus equivalence. When the experiment was finished, each participant was thanked and debriefed.
Apparatus and Stimuli
A personal computer, AMD 333 MHz processor, controlled stimulus presentation and data collection. An Edmark Corporation transparent touch screen was mounted in front of the 15-in. SVGA color monitor. A Nokia radio controlled by the computer arranged automatic onset of some sound for 2 s following correct responses.
Stimulus material. Visual stimuli, Greek, Arabic, Japanese, Hebrew, and Cyrillic letters were used in the experiment, as shown in Table 1 . The letters on the left-hand side of each row indicate different members in the classes, and the numbers above each column indicate the different classes. Table 1 An Overview of Stimuli Used in Different Conditions in All Four Experimtnts Simultaneous presentation
The stimuli were displayed on the monitor. The screen was divided into one square on the left-hand side of the monitor and six squares on the righthand side. The sample stimulus was always presented in the left square (7 x 7 cm) on the monitor, and six comparison stimulus squares (4 x 4 cm) were arranged in two columns and three rows on the rigtlt side of the monitor.
Procedure
All 24 participants were tested in individual sessions, which lasted between 60 and 150 min (with a mean of 85 min) each depending on how rapidly and correctly the participants responded. All participants completed the experiment in one session. The participants were randomly assigned to one of two different training structure sequences. Thus, to check for effects of ascending or descending intervals, 12 participants started with simultaneous matching, followed by O-s, 2-s, and 4-s delayed matching, as shown in the upper panel in Figure 1 , whereas the other 12 participants started with the 4-s delayed matching, followed by the decreasing delays, as shown in the lower panel. Each condition had a different set of stimuli, as can be seen in Table 1 . During testing, irrespective of training condition, the sample stimulus remained present after presentation of comparison stimuli, that is, all testing involved simultaneous matching.
General information to the participants. At the outset, the participants were told that the experiment was within the field of learning and was concerned with tasks presented on a computer with a touch screen. They were also told that length of the experiment depended on how rapidly and correctly they responded.
Instructions. The experimenter gave the following instruction: "When you touch the left-hand stimulus, one or more stimuli will appear on the right. A touch on the correct stimulus will be followed by music from the radio, while incorrect responses will be followed by the blanking of the screen for 5 s before a stimulus in the left-hand square is presented again. Each part of the training requires a certain number of correct responses before proceeding to the next part. The training will be followed by tests, in which there will be no different consequences for correct and incorrect responses-no music and no blank screen. Each trial started with the presentation of a sample stimulus. A touch on the sample stimulus was followed by presentation of comparison stimuli in the squares on the right side of the monitor. To minimize the number of errors during initial training, the conditional discrimination tasks were introduced step by step: When a sample stimulus appeared for the first time during training, a touch on the sample stimulus was followed by presentation of the correct comparison stimulus only. Next, each correct comparison was presented together with one incorrect comparison, then with the second incorrect comparison , and introduction of incorrect comparisons continued until all comparison stimuli had been presented. The comparison stimuli appeared in a random position from trial to trial. As shown in Figure 1 , for the 12 participants starting with the simultaneous condition, MN training and ON training required successive correct completion of seven randomly intermixed trials of each type (M1 N1, M2N2, M3N3, 01 N1, 02N2, and 03N3) before testing . The OM test ("equivalence" test) was presented as a test block with eight trials of each type, 01 M1, 02M2, and 03M3. This was followed by the O-s delay condition, in which the DE training and FE training required successive correct completion of seven randomly intermixed trials of each type (D1 E1, D2E2, D3E3, F1 E1, F2E2, and F3E3) before testing. The FD test ("equivalence" test) was presented as a test block with eight trials of each type, F1 D1, F2D2, and F3D3. This was followed by the 2-s delay condition, in which the GH training and IH training required successive correct completion of seven randomly intermixed trials of each type (G1 H1 , G2H2, G3H3, 11 H1 , 12H2, and 13H3) before testing . The IG test ("equivalence" test) was presented as a test block with eight trials of each type, 11 G1, 12G2, and 13G3. This was followed by the 4-s delay condition , in which the AB training and CB training required successive correct completion of seven randomly intermixed trials of each type (A1 B1, A2B2, A3B3, C1 B1 , C2B2, and C3B3) before testing. The CA test ("equivalence" test) was presented as a test block with eight trials of each type, C1 A 1, C2A2, and C3C3. For the participants starting with 4-s delayed matching, the sequence was reversed.
Dependent measures. By pressing the stimuli on the touch screen in front of the monitor, reaction times and the number of trials to criterion (24 successive correct responses during mixing of all trials before testing) were recorded. An index of equivalence was calculated for each participant on each test half by dividing number of "correct" responses by the total number of trials during each test phase. Equivalence was defined as an index of 0.9 or 1.0. The reason for dividing the test into two test halves was to observe whether a change in responding had occurred during the test.
Postexperimental questionnaire. On completion of the experiment, a questionnaire was presented, which probed for whether participants had used common or individual names, and which asked them to specify whether they had rehearsed the names in any way during the experiment. The participants were asked: (1) What did you do to accomplish the tasks? (2) Did you have names for the stimuli? (3) Did you rehearse the names during the experiment? The questions were suggested in an earlier study by Holth and Arntzen (1998b) and Question 3 was suggested by informal interviews from a pilot examination of the experimental procedures with participants who were not in the present study.
Reliability check. Two independent raters scored all responses to the postexperimental questionnaire. There was 100% agreement between the two raters.
Statistical Analyses
For training trials and responding in accord with equivalence data were analyzed by a 2 x 4 repeated measures ANOVA with two repeated factors (baseline and test condition) and one group factor (order). A t test for differences in proportions was used to test for differences in responding according to equivalence for participants in the two groups. For statistical analyses of reaction time, data were organized in four trial blocks-each block comprised one baseline measure and one test measure. Each 
Delays
Figure 2. The figure shows number of participants responding in accord with equivalence as a function of different delays. In the upper panel of the figure , the delay is increased, from simultaneous presentation to 4-s delay. In the lower panel of the figure, the delay is decreased, from 4 s to simultaneous presentation .
measure was computed as a mean of five trials. Data were analyzed by a 2 x 4 repeated measures ANOVA with two repeated factors (baseline and test condition) and one group factor (order).
Results
Forthe participants starting with simultaneous matching, all participants responded in accord with equivalence following the 4-s delay, as shown in Figure 2 . Individual data are shown in Table 3 in which one can see that 7 of the 12 participants, #1003, #1007, #1016, #1013, #1006, #1010, and #1015 who started with the simultaneous matching responded in accord with equivalence following all conditions. Three of the participants, #1005, #1004, and #1002, who did not respond in accord with equivalence during the test following the simultaneous matching, responded in accord with equivalence during the tests following the O-s, 2-s, and 4-s delays. Participant #1017 did not respond in accord with equivalence following simultaneous and O-s delay, but did respond in accord with equivalence following 2-and 4-s delay. Participant #1014 did not respond in accord with equivalence following simultaneous, O-s, and 2-s, but did respond in accord with equivalence following 4-s. Note . For each participant during each condition the following is listed: In the first column number of training trials to criterion, in the second column number of errors during mixing of all training trials and the third column an index of equivalence.
As shown in the bottom panel of Figure 2 , 10 of the 12 participants who started with the 4-s delay responded in accord with equivalence following all conditions. Only 2 participants, #1028 and #1021, did not respond in accord with equivalence following 4-s delay, as shown in Table 4 . Thus, #1028 responded in accord with equivalence following 2-s, O-s, and simultaneous presentation, and #1021 responded in accord with equivalence following 2-s and simultaneous presentation .
The statistical analyses showed that there was an interaction effect of increasing/decreasing delays and order, F(3, 66) = 4.93, P < .005, and a t test between simultaneous presentation of sample and comparison in the increasing condition vs. decreasing condition showed a significant difference, t(22) = -2.80, P < .01 . For the participants who started with the simultaneous matching, the O-s delay required the highest number of trials to criterion (to proceed to the test phase, the participants had to have a certain number of successive correct responses in the different training phases, and a minimum of 90 trials was needed to proceed to the test phase) , while for the participants starting with the 4-s delay, number of trials to criterion decreased as a function of decreasing delays, as shown in Figure 3 . A statistical analysis showed that there was an interaction effect of increasing/decreasing delays and order, F(3 , 66) = 6.17, P < .001.
In Figure 4 , only reaction time data from 3 participants, #1003, #1005, and #1014, are shown. For all 3 participants there is an increase in reaction time to comparison stimuli from the last five training trials to the first five test trials. During testing the reaction time decreased , that is, from the first five test trials to the last five test trials. Thus, the reaction time for the last five test trials and the last five training trials is about the same. last training trials was 1.47 s for all participants. For all participants there was an increase in reaction time in the first five test trials and a decrease during the test. The increase in reaction time was statistically significant, F(1 , 22) = 80.0, P < .001, and also an interaction effect between tests and increasing/decreasing delays in which participants starting with longer delays, F(3 , 66) = 5.19, P < .003. There was no significant difference in reaction times between the subjects who responded in accord with equivalence and those who did not. Postexperimental verbal reports indicated that participants starting with simultaneous matching reported less rehearsal of the stimuli during simultaneous and O-s delay than during 2-s and 4-s delay, as shown in Table 5 . Seven participants, #1003, #1007, #1016, #1013, #1006, #1010, and #1015, reported that they had rehearsed the names of the members of the stimuli within the three different classes in all four conditions. Two participants, #1005 and # 1002, reported rehearsal following the 0-, 2-, and 4-s conditions. Three participants, #1004, #1017, and #1014, reported rehearsal following the 2-and 4-s conditions. As shown in Table  6 , all participants starting with the 4-s delay reported having rehearsed the stimuli during all conditions. 
Trials
Figure 4. The figure shows reaction times to comparison stimuli for participants for the last five training trials, followed by the first five test trials and the last five test trials. Only some of the data representative of the remaining trials is illustrated in the figure. 
Discussion
The purpose was to explore within individual participants the effects on responding in accord with equivalence as the participants were exposed to a different set of stimulus material when the tasks were presented in either increasing or decreasing delays. Responding in accord with equivalence during the condition of simultaneous matching is consistent with results from other experiments that have used a MTO training structure with the same type of participants (Arntzen & Holth, 1997 , 2000a , 2000b . Furthermore, participants who did not respond in accord with equivalence during simultaneous presentation did so following longer delays. Results also show that the number of participants responding in accord with equivalence increased as a function of increasing retention interval during training. There is no such systematic effect for the participants who started with a longer delay, presumably because already at the longest retention interval 10 of 12 were responding in accord with equivalence. For participants who were initially exposed to longer delays, number of trials to criterion decreased as they WE~re exposed to shorter delays (e.g., Blough, 1959; Cumming & Berryman, 1965; Sargisson et aI., 2001 ). This was not the case for participants who were first exposed to simultaneous presentation because they had a diHerent leaming history than the participants starting with delayed matching to sample.
The effect of history in stimulus equivalence research has also been shown for example in a study by Holth and Arntzen (1998b) in wh ich history interrupted or prevented formation of stimulus classes. In that study, samples and correct comparison stimuli were selected according to three levels of presumed sequential dependence: (a) letters in alphabetical order (high sequential dependence), (b) letters in alphabetical order, but skipping every other letter (moderate sequential dependence) , and (c) Greek letters (no sequential dependence). The results showed that both stimulus material and task order influenced the probability of responding in accordance with symmetry, in the sense that having first been exposed to a condition with no sequential dependence increased the likelihood of responding in accord with symmetry in a condition with high sequential dependence. In Experiment 1 of the present study, results also showed a similar pattern in the sense that a history of rehearsal , for the participants starting with 4-s delay, increased the probability ot responding in accord with equivalence in the condition with simultaneous presentation.
Reaction time data are similar to earlier findings (Arntzen & Holth , 1997 , 2000a , 2000b Holth & Arntzen, 1998a in which reaction time was shown to increase from the last training trials to the first test trials and to decrease throughout testing. Others have also reported higher reaction times on test trials vs. training trials (e.g., Saunders & McEntee, 2004; Spencer & Chase, 1996) . The following questions were raised in Holth and Arntzen (1998a); Why are reaction times higher initially during tests for emergent relations? Could it be that higher reaction times initially during testing may indicate precurrent problem-solving behavior prior to the selection of a comparison stimulus? "According to Sidman (1992) , the rapid emergence of equivalence must be attributed to uncontrolled variables. The initial increase in reaction times during testing may indicate that stimulus equivalence does not emerge as immediately as suggested . . . . One might be interested in an interpretation of what can happen in terms of behavior when reaction times are higher during these initially novel test trials. In a bio-behavioral perspective (Donahoe & Palmer, 1994) , we may be interested in such interpretations not as intervening variables, but as precurrent responses to a problem situation." (Holth & Arntzen , 1998a, p. 108) .
Related to the data from the verbal reports in the current manuscript, one of the first reports describing intraverbal naming was written by Lowe and Beasty (1987) and they discussed the importance of repetition of such intraverbal naming. It could be that rehearsal is a way for the participant to "remember" the stimuli during the delays; it is obviously not sufficient to name the stimuli either as common names or with intraverbal naming, but it is necessary to rehearse the names. In Experiment 4 this is further explored when the participants are engaged in distracting tasks during the retention interval.
In the present postexperimental interviews, participants were first asked about the rehearsal after all conditions had been completed, and it is possible that their answers were influenced by the last condition, thus controlled by variables other than a self-report's putative referents (Critchfield & Perone, 1993) . There are of course problems with selfreport data. In the present experiment, test performances were derived from postexperimental interviews that did not differentiate rehearsal during training from rehearsal during the test. Second, it may be that the participants simply made up the answer that they had rehearsed the stimuli at that point. On the other hand, as Palmer (1991) argued, "complex cases may require interpretation in addition to experimental analysis to account for anomalies in the observed relations between controlling variables and behavior. Such an interpretation may involve private events, provided that the private event and its controlling variables are credible, considering the history of the organism." (Holth & Arntzen, 1998b, p. 307 ).
The results for individual participants suggest that the likelihood of responding in accord with equivalence is enhanced as a function of increasing delays during training, and also that starting with longer delays increases the probability of responding in accord with equivalence in simultaneous matching. If delayed matching requires (or evokes) precurrent behavior, that precurrent behavior may in turn facilitate responding in accord with equivalence. Also, higher reaction times during initial testing may indicate precurrent problem-solving behavior prior to the selection of a comparison stimulus. Data from the postexperimental interview showed that participants starting with simultaneous matching reported more rehearsal as a function of increasing delays. For participants starting with 4-s delay, all participants reported having rehearsed during all conditions. Because the MTO training structure contains elements of predictability (e.g., Urcuioli, DeMarse, & Lionello, 1999)-in the sense that there is only one correct comparison for each sample during each part of training, while in the OTM structure the sample can be related to more than one comparison-one should predict that increasing delays would not favor the OTM structure unless the participants were engaged in some mediating behavior (Experiments 2 and 3). Furthermore, as in Experiment 1, the mediating behavior (if any) was developed purely by chance, but specific mediating responses could be prevented by engaging the participants with distracting tasks (Experiment 4).
Experiment 2
The purpose of Experiment 2 was to investigate the probability of responding in accord with equivalence in adult human participants as a function of increasing delays (simultaneous presentation, O-s, 2-s, and 4-s delay) in a aTM conditional discrimination procedure.
Method Participants
Six college students, four females and two males, participated in the present experiment. They were recruited during IBctures and via personal contacts, and they did not receive any course credit for participating. None of the students had participated in stimulus equivalence research before, had any familiarity with the stimuli used in the experiment, or had any familiarity with research on stimulus equivalence. When the experiment was finished, each participant was thanked and debriefed.
Apparatus and Stimulus Material
Apparatus and stimulus material were the same as in Experiment 1.
Procedure
The participants started with simultaneous matching, followed by os, 2-s, and 4-s delayed matching, as shown in upper panel of Figure 1 . There was a different set of stimuli for each condition, as shown in Table  1 in Experiment 1. During testing, irrespective of the conditions during training, the sample stimulus remained present after the presentation of comparison stimuli, that is, all testing involved simultaneous matching. Table 7 .
Each trial started with the presentation of a sample stimulus. A touch on the sample stimulus was followed by presentation of comparison stimuli in the squares on the right side of the monitor. To minimize the number of errors during initial training, the conditional discrimination tasks were introduced step by step: When a sample stimulus appeared for the first time during training, a touch on the sample stimulus was followed by presentation of the correct comparison stimulus only. Next, each correct comparison was presented together with one incorrect comparison, then with the second incorrect comparison and this was gradually increased until all comparison stimuli had been presented. The comparison stimuli appeared in a random position from trial to trial. For the simultaneous condition, NM training and NO training required the successive correct completion of seven randomly intermixed trials of each type (N1M1, N2M2, M3M3, N101, N202, and N303) before testing. The OM test ("equivalence" test) was presented as a test block with eight trials of each type, 01 M1, 02M2, and 03M3. This was followed by the O-s delay condition, in which the ED training and EF training required the successive correct completion of seven randomly intermixed trials of each type (E1 01, E2D2, E3D3, E1 F1, E2F2, and E3F3) before testing. The FD test ("equivalence" test) was presented as a test block with eight trials of each type, F1 01, F2D2, and F3D3. This was followed by the 2-s delay condition, in which the HG training and HI training required the successive correct completion of seven randomly intermixed trials of each type (H1 G1, H2G2, H3G3, H111, H212, and H313) before testing. The IG test ("equivalence" test) was presented as a test block with eight trials of each type, 11 G1, 12G2, and 13G3. This was followed by the 4-s delay condition, in which the BA training and BC training required the successive correct completion of seven randomly intermixed trials of each type (B1A1, B2A2, B3A3, B1 C1, B2C2, and B3C3) before testing. The CA test ("equivalence" test) was presented as a test block with eight trials of each type, C1 A 1, C2A2, and C3C3.
Dependent measures. The dependent measures were the same as in Experiment 1.
Results 1 and Discussion
All 6 of 6 participants responded in accord with equivalence during all conditions, simultaneous, O-s, 2-s, and 4-s presentation, as shown in Figure 5 . According to the discrimination analysis of training-structure effects on stimulus equivalence outcomes set forth some years ago by Saunders and Green (1999) , every simple discrimination needed for consistently positive outcomes on all tests for properties of equivalence is presented in a MTO training structure, while not all simple discriminations are presented in a OTM training structure. The authors claimed that this could explain the difference in outcomes of the two training structures. In contrast, however, the data from Experiments 1 and 2, in addition to findings from other experiments (Arntzen & Holth, 1997 , 2000a , do not support the superiority of MTO. Another possibility could be that there are differences in participant characteristics, for example, in the Arntzen and Holth studies we have used university and college students, while most of the studies that have compared different training structures have used mentally disabled persons or children as participants. One exception is the study by Hove (2003) which also used university students and found a superiority of MTO compared to OTM. One could also argue that the difference in outcomes of MTO and OTM is based on the fact that the MTO training structure contains elements of predictability, and therefore a DMTS task should not favor the OTM training structure unless it "forces" participants to engage in some problem-solving behavior. As mentioned earlier, in a MTO training structure there is always one comparison correlated to two or more samples, and in this sense there could be some form of predictability that is not present for OTM. In contrast, if the argument of differences in predictability that should favor the MTO training structure holds, one could suggest, based on the present data, that participants were engaged in some form of behavior that mediated the OTM training structure.
Experiment 3
One could argue that the effects should become more Significant with longer delays, and as the delays of 2 sand 4 s did not affect the rate of responding in accord with equivalence in the OTM procedure, the purpose of Experiment 3 was to investigate the probability of responding in accord with equivalence as a function of increased sample-comparison delays (3 sand 9 s, respectively) .
Method Participants
Six college students, all female, participated in the present experiment. They were recruited during lectures and via personal contacts, and they did not receive any course credit for participating. None of the students had participated in stimulus equivalence research before, had any familiarity with the stimuli used in the experiment, or had any familiarity with research on stimulus equivalence. When the experiment was finished, each participant was thanked and debriefed.
Apparatus and Stimulus Material
Procedure
The procedure was identical to that of Experiment 2, except that the participants started with simultaneous matching, followed by O-s, 3-s, and 9-s delayed matching (see upper panel of Figure 1 , but with 3-s and 9-s intervals instead of 2-s and 4-s, respectively). During testing, irrespective of the conditions during training, the sample stimulus remained present after the presentation of comparison stimuli, that is, all testing involved simultaneous matching.
The same general information and instructions as in Experiment 1 were given to the participants.
Training and testing. Training and testing were the same as for Experiment 2.
Results2 and Discussion
All 6 participants responded in accord with equivalence during all conditions, simultaneous, O-s, 2-s, and 4-s presentation, as shown in Figure 7 . The results in Experiment 3 replicated the results from Experiment 2. Furthermore, even exposure to longer delays or retention intervals did not influence the responding. One interpretation of the data could be that in a OTM training structure, the utility of mediating behavior is more pronounced , as the number of comparisons per sample is greater than in a MTO structure, and therefore "forces" participants to rehearse the stimuli.
Experiment 4
Because in the preceding experiments almost all participants responded in accord with equivalence in the different delay conditions, it may be argued that they self-echoically repeated or rehearsed the stimuli presented during the delays to "remember" how the stimuli match. If such mediating behavior was occurring, it developed purely by chance, but specific mediating responses could be prevented by engaging participants with distracting tasks. According to Jans and Catania (1980) , one of the components of an episode of remembering is the opportunity for some discriminative response under control of the absent stimulus. In one study, Holth and Arntzen (2000) placed time constraints upon responding to comparison stimuli during testing following a OTM training structure to determine whether time opportunities for responding could be important for success on equivalence tests. When the participants had to respond within 2 s, none of them responded in accord with equivalence. Thus, in the absence of an opportunity for longer reaction times during initial testing, the emergence of stimulus equivalence can be seriously impeded. A variable that has not yet been explored is the effect of distracting tasks during delays while testing for rHsponding in accord with equivalence; such tasks would make rehearsal impossible. The purpose of Experiment 4 was to investigate the probability of responding in accord with equivalence in adult human participants as a function of increasing sample-comparison delays (simultaneous presentation, O-s delay, and 3-s delay) in a OTM conditional discrimination procedure when engagement in mediating behavior was restricted by presenting arithmetic tasks that the participants had to solve during the delays.
Method Participants
Six college students, three female and three male, participated in the present experiment. They were recruited during lectures and via personal contacts, and they did not receive any course credit for participating. None of the students had participated in stimulus equivalence research before , had any familiarity with the stimuli used in the experiment, or had any familiarity with research on stimulus equivalence. When the experiment was finished , each participant was thanked and debriefed.
Apparatus and Stimulus Material
Apparatus and stimulus material were the same as in the preceding experiments. In addition, a laptop was used to present the distracting tasks. The laptop was situated to the left of the computer.
Procedure
The procedure was similar to Experiment 3, except that there were similar delays during testing as for training. There was a different set of stimuli for each condition, as shown in Table 1 in Experiment 1. The participants started with simultaneous matching, followed by O-s, and 3-s delayed matching (see upper panel of Figure 1 , but with 3-s delay instead of 2-s). During testing with 3-s 3 delay, participants were instructed to solve math tasks such as 12 x 6, as shown in Appendix 1, which were presented on the other computer.
3Since none of the participants responded in accord willl equivalence following the 3-s delay training , training on 9-s delay and the following testing was not accomplished.
Results4 and Discussion
All participants responded in accord with equivalence during the simultaneous matching and O-s delay conditions, as shown in Figure 9 , which is a direct replication of the results in Experiment 2 and 3. When the delay was increased to 3 s, none of the participants responded in accord with equivalence and it could be as a result of introducing the distracting tasks. The O-s delay required the highest number of trials to criterion (90 trials are a minimum) (see Figure 10) .
The results from the present experiment show similarities to data from the pigeon lab, showing that operation of the feeder interrupted or prevented some process that occurred in standard trials. Yet on balance, when the feeder was not operated it was demonstrated that pigeons did not develop patterns of responding that facilitate remembering (Jans 4Summaries of responding in accord with equivalence and reaction times for participants in each group are presented. A copy of the individual data may be obtained from the author upon request. & Catania, 19S0). Furthermore, as shown in the study by Holth and Arntzen (2000) , it may be that restriction of reaction times prevents some mediating behavior, which could be an important variable with respect to responding in accord with equivalence. Therefore one interpretation of the present results is that the distracting tasks given interrupted or prevented the participants' opportunities for rehearsal of the stimuli.
General Discussion
The main purpose of the current report was twofold: (a) to study responding in accord with stimulus equivalence as a function of different sample-comparison delays in a delayed matchingHo-sample procedure, and (b) to study responding in accord with equivalence when opportunities for engaging in any mediating behavior during the delays were restricted. The present study included a series of four experiments in which different variables were manipulated in a delayed matchin!Q-to-sample procedure and subsequent tests for responding in accord with equivalence. In Experiment 1, results showed that increasing delays actually increased responding in accord with equivalence in a number of participants . Although when starting with a long delay, 10 of 12 participants responded in accord with equivalence, and when participants were given a history of longer delays, 12 of 12 responded in accord with equivalence in simultaneous matching. In Experiments 2 and 3" in which participants were exposed to equivalence tests following a OTM training structure, results showed that all participants responded in accord with equivalence in all conditions. In contrast, in Experiment 4, when participants were engaged in distracting tasks during the retention interval, none of them responded in accord with equivalence.
As mentioned earlier, behavior is brought under the control of a stimulus, and reinforcement is later made contingent on appropriate behavior in the absence of the stimulus, which Palmer (1991) labeled as "memory." DMTS procedures do encourage looking at and remembering stimuli in the procedure (Stromer & Mackay, 1992) , and the question is how this occurs and what constitutes remembering, if not mediating behavior or some form of rehearsal. The data from the verbal reports showed that the participants reported more rehearsal of naming of stimuli as a function of increasing delays. This finding corresponds to those of previous studies, which have shown that use of dictated names as stimuli can enhance stimulus class formation (Dugdale & Lowe, 1990; Green, Mackay, Mcllvane, Saunders, & Soraci, 1990; Sidman, Willson-Morris, & Kirk, 1986) or with nameable pictures (Arntzen, 2004) . Although, the results to date suggest that naming skills are not necessary for positive equivalence test outcomes (e .g., O'Donnell & Saunders, 2003) , but as argued in the present study, rehearsal may be important, at least with training procedures including delayed matching-to-sample tasks used to test for emergent relations.
Cleaveland (1998) conducted a study on matching-to-sample tasks in pigeons and budgerigars in which he described equivalence with reference to animals' overt behavior. For some of the experiments, the budgerigars were trained to emit four distinct vocal responses to four stimuli, and were then subjected to a symbolic delayed matching-to-sample procedure in which the overt responses were either facilitated or disrupted. The results supported the hypothesis that response sequences 'bridge' the delay in delayed matching-to-sample procedures, thus supporting a mediational account of acquired stimulus equivalence. Sato (2001) reported two experiments in which he conducted naming training (common naming) with one group of participants before the matching-to-sample procedure, but not with another group of partiCipants. Both groups were trained in the same matching-to-sample training, and were tested in a delayed matching-to-sample procedure. During the retention inteNals, the naming group named the sample stimulus, while the other group read irrelevant sentences aloud. In Experiment 2, participants where given the same naming training, and the test in which they had to read irrelevant sentences aloud. Results showed that participants engaged in naming of the sample stimulus responded in accord with equivalence, whereas those who either failed to name the sample stimulus or engaged in reading irrelevant sentences did not respond in accord with equivalence.
The present data support the predictions made by Stromer and Mackay (1996) , who claimed that if naming seNes a mediating function one should expect high accuracy on a delayed match ing-to-sample task. Furthermore, experiments have shown that kindergarten child ren perform much better on DMTS tasks when they respond on different secondary keys corresponding to the different sample stimuli that are required to produce comparison stimuli (Parsons & Ferraro, 1 !377; Parsons, Taylor, & Joyce, 1981) . In contrast, findings that responses are sufficient to mediate emergent performances do not prove that they are necessary (e.g ., Lazar, Davis-Lang, & Sanchez, 1984; Sidman et aI., 1986) .
In the present Experiment 4, when participants were engaged in distracting tasks during the retention intervals, and therefore had less opportunity to rehearse during delays, none of them responded in accord with equivalence. In the talk aloud procedure (Ericsson & Simon , 1984) , participants are instructed to say aloud any covert response that may occur during the task, and to talk aloud as they would do when solving a difficult task. "Think aloud" procedures have beE3n used in research on emergent relations (Rehfeldt, Dixon, Hayes, & Steele, 1998; Rehfeldt & Hayes, 2000; Wulfert, Dougher, & Greenway, 1991) , and also quite early in the previous century (Watson, 1920) . Future research could include a talk aloud procedure to reveal what participants rehear (to make potentially important covert behavior overt) during the expmiment. However, one disadvantage of such a procedure is that it is difficult to decide upon the unit of analysis. Another important experimental manipulation could be to give participants an opportunity to engage in overt rehearsal during the retention intervals. Experiments with pigeons have shown that coding responses during the retention interval are flexible rather than fixed , though these are determined by the characteristics of the task (Urcuioli & Zentall, 1986) . Moreover, it remains to be explored whether this response pattern holds for human participants.
As pointed out by Palmer (2003) , there is no property of the behavior that can determine whether it is covert or overt , rather it depends on the point of view of the observer. Furthermore, only a small part of the behavior of the organism is observed by us. Yet as the rest may be covert to us, there is a chance that we will claim that what we cannot measure does not exist. In this respect, mediating behavior, as rehearsal , could be difficult to demonstrate: "A mediator is difficult to study once the historical training circumstances have passed. In fact, we may only have a personal report that the mediator exists covertly. This does not mean that it is not functional. In fact the report of the mediator may help us understand the repertoire we have observed" (Stokes & Baer, 20103, p. 134) . Also that:
"an experimental analysis of behavior generally seeks causes of behavior in the environment, not in other behavior. Verbal behavior may serve as an intermediate cause, as when it is part of an extended chain preceding some nonverbal response, but an experimental analysis will trace the chain to its environmental origins" (Shimoff, 191:14, p . 1). The current stimulus conditions then evoke a series of responses (often verbal) that terminate in the production of the target response, which is, as mentioned earlier, often labeled "problem solving" (Potter, Huber, & Michael, 1997) .
In the cognitive literature on memory, and on short-term memory in particular, there have been rather few efforts to identify common empirical principles of memory; most of the work has been concerned with theory. In this respect, a complete account of the empirical laws of delayed stimulus control is lacking (Wixted, 1989a) . "From a cognitive standpoint, the term memory refers to an actual or metaphorical repository of past experience stored in the form of enduring mental representations." (Wixted, 1989b, p. 442) , while a more behavioral approach within cognitive psychology focuses on investigating aspects of working/short-term memory, and these procedures could be used in teasing out specific aspects of mnemonic processes including discrimination, encoding, and retention (e.g., Paule et aL, 1998) . It is argued that when behavior is explained by appealing to underlying mental phenomena, this approach may hinder further analysis of manipulable variables, while a functional analysis seeks to identify variables that govern the ability of a stimulus to exert discriminative control when it is no longer present (Wixted, 1989a (Wixted, , 1989b . In this respect, DMTS tasks have been used to study "remembering" in non humans, and the most basic finding from the animal literature is that when the retention interval is increased, the matching accuracy decreases (Hartl, Dougherty, & Wixted, 1996) and that the longer the pigeons view the sample stimulus prior to the retention interval, the more accurate is their matching responding (Urcuioli et aL, 1999) . Thus, matching accuracy increases as a function of increased duration of the sample stimulus (Blough, 1959; Cumming & Berryman, 1965) . Furthermore, there are important data on nonhumans concerning predictability (Urcuioli et aL, 1999) and the delay reduction hypothesis Hartl & Fantino, 1996; Urcuioli et aL, 1999) . The present author would like to argue that DMTS procedures could be refined and used more effectively to improve our understanding of memory or more complex human behavior, areas of research that behavior analysis has handed over to cognitive psychology.
In sum, the results from the first experiment with a MTO structure showed that the likelihood of responding in accord with equivalence was enhanced as a function of increasing delays during training, and also that starting with longer delays increased the probability of responding in accord with equivalence in simultaneous matching. Furthermore, the results from Experiments 2 and 3 with a OTM training structure showed that all participants responded in accord with equivalence in all conditions (simultaneous, O-s delay, 2-s (3-s) delay, and 4-s (9-s) delay). In the final experiment, in which the participants were given distracting tasks during the delays in the tests, they did not respond in accord with equivalence during the 3-s delay. If delayed matching requires (or evokes) precurrent behavior, that precurrent behavior may in turn facilitate responding in accord with equivalence, which could have been the case in the first three experiments. Furthermore, it may be that engaging in distracting tasks prevents such mediating behavior, which could have been the case in the fourth experiment. A delayed matching-to-sample procedure may ensure discrimination and discourage other types of stimulus control that could hinder stimulus class formation (Stromer & McKay, 1992) .
